Graduatemedicaleducationinthe
United States increasingly emphasizes longitudinal training in ambulatory care settings. This training typically occurs in continuity clinics, where residents are responsible for a panel of patients over an extended period of time. At the end of each academic year, a significant patient care transition occurs in these clinics when the most experienced residents leave because of graduation or advancement to a higher level of training. As a result, patients in the caseloads of departing residents are transferred.
Recent studies have identified challenges to patients' safety and residents' education posed by the academic yearend transfer. 1, 2 First, the year-end transfer often terminates a long-standing treatment relationship that can be experienced by patients as a significant loss leading to increased symptoms. 3 This heightened acuity makes monitoring of higher-risk patients even more critical during the transition. Second, residents stationed in continuity clinics have often accumulated large panels of patients. As a result, the year-end transfer requires unique organizational processes capable of simultaneously transitioning a high volume of patients. Without such procedures in place, there is a much higher probability for patients or important clinical information "falling through the cracks" compared with other types of transfers. Third, patients are transferred from trainees with substantial experience to those with much less (outpatient) experience and skill. This experience gradient can be significant and warrant slower caseload growth, enhanced supervision, and specialized didactics. 2 Given these features of the year-end transfer, it is important to develop initial caseloads for incoming residents that optimize learning and patient safety. Our literature search, using the Medical Subject Headings "internship and residency" and "ambulatory care" and variations thereof, found no studies specifically focused on methods for creating outpatient caseloads for continuity clinics. When constructing these initial caseloads for incoming residents, we know anecdotally that many training programs in various specialties largely preserve prior caseloads from outgoing residents, making only minor adjustments. These adjustments typically are limited to balancing the number of patients assigned, but they may also include removing patients deemed "poor learning cases" or redistributing patients deemed "demanding." This approach has several advantages, including administrative ease and a year-end handoff that requires the incoming resident to receive sign-out from only one or a few outgoing residents.
Disadvantages include the possibility that the panel, as inherited by the new trainee, may have become unbalanced during the departing resident's tenure because of that resident's clinical interests, practice style, or referral sources. Although other models may exist for creating initial outpatient caseloads, for the purpose of this study we will consider this model as a traditional one and a current standard practice.
Despite its ease, this traditional approach may generate unbalanced caseloads and have deleterious effects on learning and patient safety. The composition of caseloads can affect learning. Prior research has linked caseload composition and residents' satisfaction. Studies in pediatrics, internal medicine, and family medicine have shown that residents' satisfaction correlates with the diversity of patients in their outpatient caseloads. 4 -9 Measures of diversity in these studies included patients' age, gender, diagnosis, and the acuity of their illness. Other studies have shown that residents value clinics that offer an appropriate number of patients, smooth patient flow, and substantial continuity of care. 7, 8, 10 Programs have begun to use procedure logs to ensure that trainees obtain sufficient exposure to specified tasks. Although these instruments help each trainee reach minimum thresholds, they do not necessarily affect the overall mix of patients treated. Unbalanced caseloads may meet minimum thresholds but still result in significant experience gaps for trainees. For example, if significant differences exist in the complexity and acuity of caseloads, some residents may not be sufficiently challenged to learn how to manage such cases, whereas others may be too stressed to learn.
Although the association between transfer of patient panel and patient safety and quality of care has not been studied yet in the outpatient setting, research in the inpatient setting does suggest that workload affects trainees' performance. Heavy inpatient workload is correlated with burnout, emotional exhaustion, and poor sleep, [11] [12] [13] [14] which in turn lead to more errors and less empathy. [15] [16] [17] [18] These factors may contribute to the higher mortality rate observed for patients admitted to inpatient ward teams with a high census compared with those with a low census. 19 Thus, constructing balanced caseloads has the potential to enhance the quality of both training and patient care. Efforts to protect against the negative effects of excessive workload often focus on number of patients per clinician (e.g., "caps") and work hours (e.g., duty hours restrictions). Yet, other factors, such as acuity and complexity, make important contributions to mental workload. Because a physician's capacity to process information is limited, performance decreases when task demands exceed that capacity, compromising both learning and safety. 20 -23 Human factors research has focused on how best to measure mental workload. For example, in aviation, where decisions require high mental acuity, workload assessments are necessary to make decisions about crew size, safety, and the effects of cockpit automation. 24 Several methods exist for measuring workload, including physiological (e.g., heart rate and skin conductance), procedural (time spent on secondary tasks), and perceptual (e.g., rating scales). 20 The National Aeronautics and Space Administration Task Load Index represents a widely accepted perceptual measure of workload that has been applied to numerous disciplines. 25, 26 For a given task, the tool asks respondents to rate the mental and physical demands, time pressure, effort required, stress, and degree of success. In developing Medicare's Resource-Based Relative Value Scale for reimbursement, Hsiao et al 27, 28 used qualitative and quantitative methods to define physician mental workload as comprising four similar dimensions: time required, mental effort, technical effort, and stress related to the risk for patient harm. Bertram et al 29, 30 further developed this concept to measure physicians' mental workloads in the ambulatory internal medicine setting, adding two domains: satisfaction with performance and difficulty/complexity. Subsequent research in ambulatory care settings confirmed that physicians' estimates of work are reliable and valid and correlate with these domains. 31, 32 The mental workload model captures a broader range of factors that affect learning and patient care than do those models that focus on census or work hours. In this article, we compare the workload-balancing method (WBM), a model adapted from mental workload theory, with the traditional method, using outpatient caseloads for psychiatry residents for purposes of demonstration. Our goal was to reduce intercaseload variability with respect to mental workload in order to promote patients' safety and residents' learning. A related goal was to ensure comparable exposure to selected experiences for each resident.
Method

Design
This descriptive study compares the initial outpatient continuity caseloads generated for incoming trainees by two different models: a mental workload model and the traditional model.
Setting and participants
The intervention took place in a psychiatric hospital based in the Department of Psychiatry at the University of California, San Francisco School of Medicine. The hospital has a paper chart system with an electronic billing and scheduling system. It is affiliated with multiple training programs, including clinical training programs in psychology and in adult, child and adolescent, and geriatric psychiatry. For this study we focused on the construction of caseloads in the medication management clinics, which typically have 400 patients and 16 residents. Psychiatry residents receive in this clinic most of their outpatient, longitudinal training in medication management. Residents enter the clinic at the beginning of their third year and remain for one to two years. This study received approval from the local institutional review board.
Traditional model
Prior to academic year 2006 -2007, the residency program constructed initial caseloads in this clinic by reassigning en masse a caseload of a specific outgoing resident to an incoming resident. Minor adjustments ensured that the numbers of patients were comparable between caseloads. Anecdotal complaints by residents suggested that substantial intercaseload differences existed. A subsequent analysis showed that, at the extremes, some residents had more than twice the number of patient visits than did others, even though the numbers of patients in each caseload were roughly similar. In addition, a survey of residents revealed that the number of patients requiring more than 60 minutes of a clinician's time outside of clinic each month ranged from 1 to 16 per caseload. These discrepancies prompted an effort to develop a better method for constructing initial caseloads.
Workload-balancing model
We adapted the NASA Task-Load Index and the work of Hsiao et al 27, 28 and Bertram et al 29, 30 to predict the mental workload for a given caseload. Our WBM included five of the six mental workload domains: time, mental effort, technical effort, risk-related stress, and complexity. We did not include the sixth domainperformance (satisfaction associated with task completion)-because we were measuring the experience of care for a patient over an extended period of time and not during a discrete visit or clinic. We also assumed that the workload of a given caseload was a function of the workload of each individual patient. Whereas prior studies have asked clinicians to rate mental workload for a given half-day clinic or for a specific procedure, we asked trainees to rate the workload associated with the overall care of each patient. Table 1 illustrates the relationship between the five mental workload domains and the variables that our method used. The operational definitions were derived from literature and in-depth discussion with residents and faculty. Studies have shown that mental workload correlates with number of visits, 29, 32 clinician's experience, 30, 32 complexity of the patient's pathology, 32 quality of care rated by the clinician 29, 30, 32 and supervisor, 30 acuity, collaboration demands, and amount of administrative tasks. 32 A number of possible indicators of mental workload were considered, including acuity, complexity of patient pathology, amount of paperwork associated with a given patient, and numbers of patients, visits, time demands outside of clinic, cancellations, and no-shows. After several iterative brainstorming sessions with third-year residents, chief residents, and faculty, we concluded that time, mental and technical effort, risk-related stress, and difficulty were best captured by acuity, complexity, time demands outside of clinic, number of patients, number of Table 1 Components 
Procedures
In May, residents who would depart from the clinic on June 30 were asked to rate each of their patients on the mental workload variables of acuity, time demand outside of clinic, and collaboration requirements. These data were manually entered into an Excel spreadsheet linked to the hospital's electronic billing and scheduling software. We calculated each patient's average number of visits per month for the past year or, if care had started within the past year, since care began. The caseload construction spreadsheet was designed to automatically update the mental workload profile for an incoming resident's caseload when a patient was assigned to that resident. This allowed for real-time balancing of the caseloads with regard to these variables. This process required approximately two hours to construct panels for 16 residents. 
Results
Results for each year are presented in Table 3 . For each mental workload factor measured, the WBM generated caseloads with much less intercaseload variation. When the CoV is averaged across the four mental workload factors, the WBM generated initial caseloads with 56%, 50%, 61%, and 58% less overall variation for the four successive academic years. To illustrate the real-world impact of reduced variation on residents, * Each time a given patient is assigned to an incoming resident in a linked Excel spreadsheet, the mental workload profile for that resident is automatically updated. † Based on utilization data during prior year for all patients assigned to incoming clinician.
Discussion
No prior study has addressed how to construct incoming residents' initial outpatient continuity clinic caseloads that are balanced in the domains that affect mental workload and, therefore, learning and quality of care. Compared with the method traditionally used in our (and, as we know anecdotally, other) clinics, the WBM resulted in substantially less intercaseload variation with respect to number of acute patients, complexity/ time demands outside of clinic, number of visits per month, and collaboration demands. We present the results for each year separately as proof that the WBM performed consistently better across all study years than did the traditional model.
The impact of workload balancing may be substantial. For example, the traditional method resulted in certain caseloads having a much higher proportion of acute patients and patients with higher complexity/time demands outside of clinic. These significantly more acute and complex caseloads may overtax residents, making them more prone to error and less able to learn. And because these initial caseloads are often constructed for interns or residents with little outpatient experience, the risks are amplified. 1, 2 In contrast, the WBM reduces variation between caseloads. It much more effectively balances those factors that contribute to mental workload, especially with regard to acuity, risk-related stress, complexity, and various sources of time demand. In so doing, this method safeguards against harm to patients and impaired learning due to cognitive overload. It also accomplishes important educational objectives by ensuring that each resident is exposed to acute, complex, and timedemanding patients, and collaborative care.
Despite the annual rebalancing, the traditional method generated similar intercaseload variation in each of the four Table 3 ). Thus, the traditional method did not perform better, even when the balanced method had been used to construct the initial caseloads at the beginning of the previous year. This finding suggests that caseloads, at least in our system, develop differently and diverge over the course of a single academic year. This divergence likely stems from the fact that trainees acquire many new patients during the academic year through specialized assessment clinics that draw from markedly different patient populations. This amplifies intercaseload variation because each trainee rotates through a different combination of assessment clinics.
Several potentially relevant factors are not measured in our model, including some related to complexity (comorbidity burden and treatment refractoriness), risk-related stress and time (no-show and cancellation rates). We initially wanted to incorporate comorbidity and no-show/ cancellation rates, but our electronic billing systems did not at the time have reliable information for these variables.
Other variables, such as treatment refractoriness and stress associated with a patient, could have been measured by asking outgoing residents to rate each patient in these domains. However, to limit the work required by outgoing clinicians and the associated data entry, we decided to defer the inclusion of these variables. Incorporating them in the future may lead to a model even more refined than our current WBM.
This method does have limitations. For many of the variables, the model assumes that outgoing residents can make accurate estimates. A number of studies indicate that physicians' estimates of work are reliable and valid. [27] [28] [29] [30] [31] [32] In fact, physicians' global estimates of work are highly correlated with the mental workload dimensions. 28 It could be that a single global estimate would suffice. Although the method results in more balanced caseloads for each resident, it is not designed to match the mental workload of a given caseload with a resident's capacity for mental work.
Residents may individually differ in the amount of mental workload that optimizes their learning and the quality of care they deliver. An ideal model would match workload with individual capacity. Moreover, physician characteristics also contribute to mental workload. 31 For example, residents' styles of how frequently they decide to see their patients and how proactive they are about calling them will impact their experiences of the workload associated with specific patients. Further, patients in our setting could not be moved between clinics, which occur on different days. As a result, caseloads were redistributed among the four residents in each clinic, not among the 16 third-year residents in the program; the method, therefore, did not mitigate variation between clinics. Also, our model, while creating balanced initial caseloads, does not address how caseloads become unbalanced during a given trainee's tenure. Finally, the study itself does not measure the impact of the intervention on those outcomes of most interest, namely, the quality of the learning by residents and the care received by patients.
Although the model was developed and implemented for a psychiatry outpatient continuity clinic, it could easily be adapted to other disciplines. Some factors, such as number of visits and number of patients, are relevant to all disciplines. Other factors, such as acuity, complexity, and time demand outside of clinic, are relevant but may be defined differently depending on the specialty and other contextual factors. Of perhaps greater significance, this model could be expanded to achieve more ambitious goals, such as constructing caseloads that optimize learning in any number of dimensions, by, for example, balancing a caseload's mix of diagnoses. Given how much intercaseload variation develops during a trainee's rotation, this model could also be adapted to address how new patients are assigned to a resident's panel throughout the academic year, rather than just at the outset. Finally, although the patient panels in psychiatry clinics are smaller than those in primary care clinics, the principles used in this model are scalable to patient panels of all sizes.
Further research is required to describe current practices across specialty and programs, verify which factors are most important to balance, and ascertain the impact on learning, quality of care, patient outcomes, and clinicians' productivity and satisfaction. Because these are outcomes of interest to any system of care, this method may have application to how organized systems of care can improve the retention, satisfaction, and performance of physicians. 
